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ABSTRACT
The industry of hermetic compressors for domestic refrigeration have been continuously studying ways to
increase the performance of its products, with the aim of reducing the demand of electric energy and so
contribute for a lower environmental damage in the future. One of the systems in which focus is put on
during the compressor development, is the suction and discharge manifold. Such focus is necessary due to
the fact that there is a strong heat generation during the gas compression and discharge process. In order
to increase the compressor efficiency, one of the challenge is to make sure that the most part of this heat
is carried out by the discharge gas, and not transmitted to the crankcase. One of the ideas developed to
achieve this effect, is the introduction of an extra element between the valve plate and the cylinder head,
with an additional gasket. The undesired effect of this, is the increase in the leakage levels through the
interface between these gasket elements and the other components. The objective of this article is to
present the design steps of this new element, cylinder head and gaskets, with the use of the Finite Element
Method - FEM, focusing the modeling and simulation of gasket materials, and the interface between these
with the other components. With the use of this technique, it was possible to reduce the need of
prototypes and tests, and consequently a reduction of the project time and cost was possible.

1. INTRODUCTION
Earth has been taken in recent times by a wave of actions with the objective of reducing the energy
demand, and so, the carbon emission, and the global warming effect. One of the fields in which
innumerable efforts have been invested is in the development of alternative energy sources, with lower
damaging power, like nuclear, solar, wind, etc.
Another field is related to the increase of machines and equipment’s efficiency. Governments have been
placing restrictions to the commercialization of household-electric machines with lower energetic
efficiency, compelling the industries of this sector to invest more and more efforts to take care of these
new requirements. In the household refrigeration industry for example, the efficiency targets for this and
for the next years are very strong. Another wonderful effect of this increase in equipment’s efficiency
movement, is that it represents a money saving for the end user, once the energy cost is becoming year by
year higher.
Regarding the household refrigeration industry, one of the fundamental components for the refrigerator or
freezer is the compressor. And in this case, also continuum advances have been achieved, related to the
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development of new gas compression technologies, and in the optimization of the present reciprocating
compressors. Three are the fields in which significant progress has been achieved.
•
•
•

Increase in the electrical motor’s efficiency;
Friction and wear reduction;
Increase in the thermal efficiency.

Going a little bit more deeply in the last one, it is well known that one of the greatest heat generation
point is inside the cylinder, during the compression. One part of the heat generated is transmitted to the
discharge chamber wall (Wb), and the other part is carried out by the discharge gas (Wa). A fraction of
the heat that the gas transmit to the discharge chamber wall is transmitted to the internal compressor
environment by a convection phenomena, and the other part to the cylinder wall (Wc), by conduction,
increasing the cylinder wall temperature, and reducing the compression efficiency. These heat fluxes can
be seen in the Figure 1.

Figure 1: Heat generation and fluxes in the cylinder-manifold system.
Considering the compression efficiency reduction due to this fraction of the heat generated during the
compression process which returns to the crankcase and cylinder wall, it was worked out a way to create a
thermal barrier, introducing between the cylinder head cover and valve plate, an intermediate plate. Also
an additional gasket was needed, according illustrated in Figure 2.
The objective of reducing the heat flow to the cylinder was achieved with this solution, but undesirable
effects appeared which had to be solved. One of these effects was the increase of the leakage levels
through the gaskets, mainly the cylinder head cover and intermediate plate ones. Other effect was the
reduction of the strength to the gasket rupture in extreme pressure conditions.
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Figure 2: Introduction of the intermediate plate in the cylinder head assembly.
The strategy adopted to analyze and propose solutions for the above mentioned problems was the
complete manifold assembly simulation with the use of the Finite Element Method – FEM, particularly
with the use of gasket elements. It is objective of this article to present in a first section, the fundamental
characteristics of this type of elements. In the following section, the gasket material commonly used in
refrigeration compressors is characterized, and the data obtained in the form of gasket pressure as a
function of the gasket closure, for three different material thickness are presented. Next, the simulation
steps of the manifold components and the advantages of the use of this technique, in the place of the
traditional prototype manufacturing and laboratory tests is discussed,

2. GASKET ELEMENTS
According to presented by Parwekar et al. (2006), and in ANSYS (2007), the primary deformation
behavior of gasket joints is through-thickness deformation. It is therefore difficult to use solid continuum
elements to effectively model gasket joints. The interface elements, which are based on the relative
deformation of the top and bottom surfaces (closure), offer a direct means to quantify through-thickness
deformation of the gasket joints. Thus the pressure versus closure behavior can be directly applied to
characterize the gasket material. The Figure 3 below shows a typical gasket element, which can be linear,
without mid-nodes, or parabolic, in which mid-nodes are placed only at the top and bottom faces.
Through the thickness, there are no mid-nodes, even if the element has nonlinear behavior. The through
thickness deformation is quantified by the relative deformation of bottom and top surfaces along the
thickness direction. The thickness direction is then noted as the X-direction according to the ANSYS
notation convention.
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Figure 03: A typical gasket element.

3. THE MATERIAL PROPERTIES
Gasket joints can be simulated with the ANSYS interface elements, in which there is only one element
through the thickness, and the through thickness deformation is decoupled from the in plane deformation.
The gasket material is usually under compression, and the material under compression is highly nonlinear.
The gasket material also exhibits quite complicated unloading behavior when compression is released.
The software allows you to directly input data for the experimentally measured complex pressure closure
curve for the material model (compression curve), and also for several unloading pressure closure curves.
When no unloading curves are defined, the material behavior follows the compression curve while it is
unloaded.
Considering hermetic compressor application, the cylinder head is assembled only once, so unloading
characteristics do not need to be considered. An experiment was developed in order to measure the gasket
pressure x closure for three different gasket thickness’, 0.25, 0.40 and 0.60mm. These are common
materials used in compressors, and it is important to consider different options, once one can optimize the
gasket thickness in order to improve sealing characteristics. The results are shown in Figure 4 below.

Figure 4: Pressure x closure obtained for common compressor gasket materials.
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4. THE SIMULATION PROCESS
To perform the simulation, the three gaskets and the other components from the manifold system were
considered in order to achieve the better accuracy. The connection between the gaskets faces and the
other components was modeled as constrain equations, but could also be done using contact elements
allowable in the software. With relation to the bolts, only a cylinder representing the bolt’s head was
considered, once its body do not touch the other components. The fastening force F, dependent on the
bolt’s torque T, was applied directly on these “bolt’s heads”, and it was obtained using the simplified
relation proposed by Mischke and Shigley (1989).

F=

T
0 .2 ⋅ d

(1)

were d is the nominal bolt’s diameter.
As done by Parwaker et al. (2006), also here the screwing sequence was not considered, once it does not
affect the final gasket pressure. The main results obtained by this analysis are the total deformation and
the valve plate gasket pressure distribution, showed in the Figure 5, and the intermediate plate and the
cylinder head gaskets pressure, showed in Figure 6. The focus of this analysis are the last two, in which
the major leakage was detected in bench tests. The strategy adopted was to simulate the reference
geometry and identify the regions with lower gasket pressure. Introduce geometrical improvements and
verify the effectiveness of them. Finally, real parts were prototyped, tested and implemented.

Figura 5: Total deformation and valve plate gasket pressure obtained by the analysis.
4.1 Original geometry
With the simulation of the original geometry, two weak regions were detected. Region “A” in the
intermediate plate gasket, and region “B” in the cylinder head gasket. Both regions showed positive
gasket pressure, which indicates that there was no pressure, allowing gas leakage through the gasketcomponents interfaces.
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Figure 6: Intermediate plate and cylinder head gasket pressure for the original geometry.
4.2 Adjusted geometry
After the simulation of different options to overcome the lack of gasket pressure, the changes adopted in
the final design were the introduction of a protrusion on the intermediate plate to create a better support
for the cylinder head and gasket in region “B”, showed in Figure 7 (a), and a protrusion in the cylinder
head to create a better support for the intermediate plate and gasket in region “A”, showed in Figure 7 (b).

a)

b)

Figure 7: Geometrical changes introduced in the original geometry.
4.3 Effectiveness verification
Figure 8 shows the effectiveness of the geometrical changes in the gasket pressure in regions “A” and
“B”, and it can be seen that both were positive. Numerical results can be seen in Table 1.
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Figure 8: Intermediate plate and cylinder head gasket pressure after the introduction of the geometrical
improvements.
Table 1

Region “A”
Intermediate plate gasket
Region “B”
Cylinder head gasket

Original geometry

Adjusted geometry

0.09 MPa
“no compression”
0.14 MPa
“no compression”

-14 MPa
“compression”
-14 MPa
“compression”

5. RESULTS AND DISCUSSION
It can be noticed in Table 1, that in the original geometry, a “positive” pressure was present in regions “A” and “B”,
exactly the regions were increase in leakage was observed in bench tests. With the use of FEM analysis, with gasket
element thecnology, it was possible to achieve an important improvement in the gasket pressure, after a few loops,
without manufacturing any physical part. For sure, when a final configuration was achieved, the design changes
were implemented into the product, and prototypes were manufactured and tested, for a final check.
FEM analysis proved once more to be an excelent tool in the design phase, in order to improve design characteristics
in earlier project steps, reducing time, and saving money, once several prototyping and testing steps can be cut.
Other point is the possibility of simulating all the manifold components, getting more accuracy, in the pressure
results. The association of gasket elements with contact elements technology, and topological optimization are
points to be considered in future analysis to achieve optimized geometry’s in reduced time.
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